Searching PAJ 



1/2 v 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-1 31610 

(43)Date of publication of application : 12.05.2000 



(51)lnt.CI. 




G02B 15/16 








G02B 13/18 




(21)Application number 


10-307337 


(71)Applicant 


: SONY CORP 


(22)Date of filing : 


28.10.1998 


(72)lnventor : 


SUEYOSHI MASASHI 



(54) ZOOM LENS 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized 
zoom lens of about three-variable power ratio suitable 
for a small-sized image pickup device such as a video 
camera and a digital still camera, etc. 
SOLUTION: The zoom lens 1 is constituted of a 1st lens 
group GR1 whose refractive power is positive, a 2nd lens 
group GR2 whose refractive power is negative, a 3rd 
lens group GR3 whose refractive power is positive and a 
4th lens group GR4 whose refractive power is positive in 
order from an object side to an image field IMG side, and 
zooming is accomplished by moving the 2nd lens group 
GR2 and the 4th lens group GR4. In this case, the 1st 
lens group GR1 is constituted of a 1st single lens L1 
whose refractive power is negative, a prism P for 
bending an optical path and a 2nd single lens L2 whose 
refractive power is positive in order from the object side. 
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* NOTICES * 

Japan Patent Offic is not r sponsible for any 
damages caus d by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st lens group which has positive refractive power from a body side in order to'an 
image surface side The 2nd lens group which has negative refractive power The 3rd lens group 
which has positive refractive power Positive refractive power It is the zoom lens equipped with 
the above, and the above-mentioned 1st lens group is characterized by consisting of body sides 
with the 1st lens of the single lens which has negative refractive power in order, the prism which 
bends an optical path, and the 2nd lens of the single lens which has positive refractive power. 
[Claim 2] The zoom lens according to claim 1 characterized by making it satisfy the following 
conditions. 

ndL1>1.75nudL 1< 30, however ndL1: — the refractive index in d line of the 1st lens, and nudl_1: 
— it considers as the Abbe number in d line of the 1st lens 

[Claim 3] The zoom lens according to claim 1 characterized by constituting the field of at least 1 
of the 1st lens by the aspheric surface. 

[Claim 4] The zoom lens according to claim 1 characterized by making into a convex the field it 
turned [ field ] to the body side of the 1 st lens. 

[Claim 5] The zoom lens according to claim 2 characterized by making into a convex the field it 
turned [ field ] to the body side of the 1st lens. 

[Claim 6] The zoom lens according to claim 3 characterized by making into a convex the field it 
turned [ field ] to the body side of the 1st lens. 

[Claim 7] The zoom lens according to claim 1 characterized by constituting the at least 1st of 

each sides of the lens which constitutes the 4th lens group by the aspheric surface. 

[Claim 8] The zoom lens according to claim 2 characterized by constituting the at least 1st of 

each sides of the lens which constitutes the 4th lens group by the aspheric surface. 

[Claim 9] The zoom lens according to claim 3 characterized by constituting the at least 1st of 

each sides of the lens which constitutes the 4th lens group by the aspheric surface. 

[Claim 10] The zoom lens according to claim 4 characterized by constituting the at least 1st of 

each sides of the lens which constitutes the 4th lens group by the aspheric surface. 

[Claim 1 1] The zoom lens according to claim 5 characterized by constituting the at least 1st of 

each sides of the lens which constitutes the 4th lens group by the aspheric surface. 

[Claim 12] The zoom lens according to claim 6 characterized by constituting the at least 1st of 

each sides of the lens which constitutes the 4th lens group by the aspheric surface. 

[Claim 13] The zoom lens indicated to the claim 1 characterized by satisfying the following 

conditions. 

4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st ] group, fw: Consider as the 
focal distance in the wide edge of the lens whole system. 

[Claim 14] The zoom lens indicated to the claim 2 characterized by satisfying the following 
conditions. 

4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st ] group, fw: Consider as the 
focal distance in the wide edge of the lens whole system. 

[Claim 15] The zoom lens indicated to the claim 3 characterized by satisfying the following 
conditions. 
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4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st] group, fw: Consider as the 
tocal distance in the wide edge of the lens whole system. 

[Claim 16] The zoom lens indicated to the claim 4 characterized by satisfying the following- 
conditions. " 6 

4.5<fGR1 /fw<1 2 however the focal distance of the fGR1 .lens [ 1 st ] group, fw: Consider as the 
focal distance in the wide edge of the lens whole system. 

[Claim 17] The zoom lens indicated to the claim 5 characterized by satisfying the following 
conditions. . 

4.5<fGR1 /fw<1 2 however the focal distance of the fGR1 :lens [ 1 st ] group, fw: Consider as the 
tocal distance in the wide edge of the lens whole system. 

[Claim 18] The zoom lens indicated to the claim 6 characterized by satisfying the following 
conditions. 

4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st ] group, fw: Consider as the 
tocal distance in the wide edge of the lens whole system. 

[Claim 19] The zoom lens indicated to the claim 7 characterized by satisfying the following 
conditions. & 

4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st ] group, fw: Consider as the 
focal distance in the wide edge of the lens whole system. 

[Claim 20] The zoom lens indicated to the claim 8 characterized by satisfying the following 
conditions. 6 

4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st ] group, fw: Consider as the 
tocal distance in the wide edge of the lens whole system. 

[Claim 21] The zoom lens indicated to the claim 9 characterized by satisfying the following 
conditions. 

4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st ] group, fw: Consider as the 
focal distance in the wide edge of the lens whole system. 

[Claim 22] The zoom lens indicated to the claim 10 characterized by satisfying the following 
conditions. ' 

4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st ] group, fw: Consider as the 
focal distance in the wide edge of the lens whole system. 

[Claim 23] The zoom lens indicated to the claim 1 1 characterized by satisfying the following 
conditions. 

4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st ] group, fw: Consider as the 
tocal distance in the wide edge of the lens whole system. 

[Claim 24] The zoom lens indicated to the claim 12 characterized by satisfying the following 
conditions. 

4.5<fGR1/fw<12 however the focal distance of the fGR1:lens [ 1st ] group, fw: Consider as the 
tocal distance in the wide edge of the lens whole system. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the optimal zoom lens of 
variable power ratio 3 double intensity for a small video camera, a digital still camera, etc. 
[0002] 

[Description of the Prior Art] If it is in small image pck-up equipments, such as a video camera 
and a digital still camera, in recent years, much more miniaturization is called for and the lens for 
photography and the miniaturization according [ especially a zoom lens ] to shortening of an 
overall length etc. are called for in connection with this. 

[0003] Moreover, if it is in the above-mentioned lens for photography, and the thing for digital 
still cameras especially, the demand to a zoom lens including the wide angle region whose field 
angle in a wide angle edge is about 70-80 degrees is increasing with the miniaturization, and 
improvement in a lens performance is also simultaneously called for corresponding to the raise in 
the pixel of an image pck-up element. 
[0004] 

[Problem(s) to be Solved by the Invention] As a small zoom lens for small image pck-up 
equipments, the zoom lens of 2 group composition of the retrospective focus type which 
consists of the 1st lens group which has a negative refractive index, and the 2nd lens group 
which has positive refractive power is in order from a body side. However, if it is in the zoom 
lens of such 2 group composition, it is difficult to enlarge a variable power ratio, and since an 
overall length also changes with zooming operation, as a small object for image pck-up devices, it 
is disqualified. 

[0005] Moreover, the zoom lens of 4 group composition which consists of the 1 st lens group 
which has positive refractive power, the 2nd lens group (barricade ETA) which has negative 
refractive power, the 3rd lens group (compensator) which has positive refractive power, and the 
4th lens group (master) which has positive refractive power is in order from a body side. 
However, since an overall length becomes long, the zoom lens of such 4 group composition is 
disqualified as a small object for image pck-up devices. 

[0006] Furthermore, the 1st lens group which has positive refractive power in order from a zoom 
lens [ which was indicated by JP,8-248318,A ], i.e., body, side, Like the zoom lens of 4 group 
composition which consists of the 2nd lens group (barricade ETA) which has negative refractive 
power, the 3rd lens group (compensator) which has positive refractive power, and the 4th lens 
group (master) which has positive refractive power Arrange prism between the lenses of the 
position by the side of the body of the 1st lens group, and prism is inserted for the 1st lens 
group in between. Although there are some which shortened order length by bending an optical 
path with prism while dividing into the lens group which has positive refractive power in a body 
side at a negative and image surface side and constituting an afocal system This type of zoom 
lens had much composition number of sheets of a lens, and, moreover, had the trouble that an 
overall length will also still be long and a manufacturing cost will also become high. 
[0007] this invention — the above-mentioned trouble — taking an example — the optimal 
variable power ratio for small image pck-up devices, such as a video camera and a digital still 
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camera, — let it be a technical problem to offer an about 3-time small zoom lens 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
invention zoom lens The 1st lens group which has positive refractive power from a body side in 
order to an image surface side, and the 2nd lens group which has negative refractive power, In 
the zoom lens which was made to perform zooming by consisting of the 3rd lens group which has 
positive refractive power, and the 4th lens group which has positive refractive power, and moving 
the above-mentioned 2nd lens group and the 4th lens group The 1st lens of the single lens which 
has negative refractive power for the 1 st lens group in order from a body side, the prism which 
bends an optical path, and the 2nd lens of the single lens which has positive refractive power 
constitute. 

[0009] therefore, the optimal variable power ratio for small image pck-up devices, such as a 
video camera and a digital still camera, — it becomes possible to miniaturize an about 3-time 
zoom lens 
[0010] 

[Embodiments of the Invention] Below, the gestalt of operation of this invention zoom lens is 
explained with reference to an accompanying drawing. In addition, in the gestalt (numerical 
example 1 ), drawing 5 , or drawing 8 of the 1 st operation, the gestalt (numerical example 2), 
drawing 9 , or drawing 1 2 of the 2nd operation shows [ drawing 1 or drawing 4 ] the gestalt 
(numerical example 3) of the 3rd operation, respectively. 

[001 1] The common matter in introduction and the gestalt of each operation is explained. 
[001 12] In the following explanation, "Si" is counted from a body side. In addition, the i— th field, 
"Ri" The radius of curvature of the above-mentioned field Si, the spacing between the "di" body 
side to the i— th field, andjihe i+1st fields, In the refractive index in d line (wavelength of 587.6nm) 
of the i-th lens (Li), and "nudLi", the Abbe number in d line of the i-th lens (Li) and "f" shall 
show the focal distance of the lens whole system, and "Fno." shall show [ "ndLi" ] an open F 
value and "omega" half field angle. However, that by which P, LP, IR, and CG were added after 
nd or nud shall show the refractive index or the Abbe number of cover glass of prism, a low pass 
filter, an infrared cut-off filter, and an image pck-up element, respectively. 
[0013] Moreover, that from which a lens side is constituted by the aspheric surface is also 
contained in the lens used in the gestalt of each operation. 

[°°J4] If an aspheric surface configuration sets the radius of curvature in V and a lens vertex 
to "r" and sets a cone constant to "kappa", the depth (distance of the direction of an optical 
axis from the vertex of a lens side) of the aspheric surface x=(y2/r)/1+(1-kappa-y 2 / r2) 
1/2+C4, y4+C6, y6+C8 and y8+C10, and y10 shall define. In addition, C4, C6, C8, and C10 are the 
4th aspheric surface coefficients [ 6th / 8th / 10th ], respectively. 

[0015] The zoom lenses 1, 2, and 3 in the 1st or 3rd example consist of the 4th lens group GR4 
which has the 1st lens group GR1 which has positive refractive power in order to an image 
surface IMG side, the 2nd lens group GR2 which has negative refractive power, the 3rd lens 
group GR3 which has positive refractive power, and positive refractive power from a body side, 
as shown in drawing ,! , drawing 5 , and drawing 9 . The prism with which a zoom lens 1 or 3 has 
been arranged for the 1st lens group GR1 in the meantime [ two lenses and in the meantime ] 
which consist of the 1st lens L1 and the 2nd lens L2, three lenses and the 3rd lens group GR3 to 
which the 2nd lens group GR2 changes from the 3rd lens L3, the 4th lens L4, and the 5th lens L5 

the 6th lens L6 — and The 4th lens group GR4 is a thing of four nine groups composition 
which has three lenses which consist of the 7th lens L7, the octavus lens L8, and the 9th lens 
L9, respectively. 

[0016] Moreover, it extracts between the 2nd lens group GR2 and the 3rd lens group GR3, and 
the cover glass CG of a low pass filter LP and the infrared cut-off filters IR and CCD is arranged 
for ID sequentially from the body side between the 4th lens group GR4 and the image surface 
IMG. 

[0017] And from a body side, when it is made to perform zooming and zooming is carried out to a 
long focal distance edge (tele edge) from a short focal distance edge (wide angle edge) by 
moving the above-mentioned 2nd lens group GR2 and the 4th lens group GR4, the 2nd lens silver 
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GR2 moves the 4th lens group GR4 to an image surface side so that image position may be held. 

[0018] In addition, it succeeds in a zoom lens 1 or focal adjustment of 3 by moving the 4th lens 
group GR4. 

[0019] The 2nd lens L2 of the single lens which has the 1st lens L1 of the single lens of the 
meniscus configuration which has negative refractive power in order, the prism P which bends 90 
degrees of optical paths, and positive refractive power constitutes the 1st lens group GR1 from 
a body side. 

[0020] As for a zoom lens 1 or 3, it is desirable that satisfy the following conditional expression 1 

and conditional expression 2, or at least one field constitutes by the aspheric surface among 

each side of**** 1 lens L1. 

ndl_ 1> 1.75 (conditional expression 1) 

nudL 1< 30 (conditional expression 2) 

However, ndL1 is a refractive index in d line of the 1st lens L1, and nudl_1 is the Abbe number in 
d line of the 1st lens L1. 

[0021] Conditional expression 1 is for specifying the yield of distortion aberration with the 1st 
lens L1 which is a single lens which has the negative refractive power which constitutes the 1 st 
lens group GR1 which has positive refractive power, namely, the refractive power of the 1st lens 
group GR1 needed when the value of ndL1 becomes out of range in being prescribed by 
conditional expression 1 — receiving — the yield of distortion aberration — large — becoming - 

- this — the aspheric surface of the 4th lens group GR4 — an amendment — things will become 
impossible 

[0022] Conditional expression 2 is for specifying the yield of the chromatic aberration by L1 with 
the 1st lens which is a single lens which has the negative refractive power which constitutes the 
1st lens group GR1 which has positive refractive power, namely, the yield of the chromatic 
aberration within the 1st lens group GR1 which has positive refractive power when the value of 
nudl_1 becomes out of range in being prescribed by conditional expression 2 — large — 
becoming — this — an amendment — things become difficult [ the whole lens system ] 
[0023] Moreover, as for the field S1 by the side of the body of a zoom lens 1 or the 1st lens L1 
of 3, it is desirable that it is a convex towards a body side, the negative distortion aberration in 
which the above-mentioned field S1 generates this on this concave surface S1 towards a body 
side as it is concave — large — becoming — this — the lens whole system — an amendment - 

- it is because things become difficult 

[0024] It is desirable that at least one field is constituted by the aspheric surface among each 
field of the lens which constitutes a zoom lens 1 or the 4th lens group GR4 of 3; and for at least 
one field of the lens especially located most in an image surface side to be constituted by the 
aspheric surface. 

[0025] Thus, if the aspheric surface constitutes at least one field among the lens sides in the 4th 
lens group GR4 Things come be made, the negative distortion aberration in the wide angle edge 
generated by the 1st lens group GR1 — an amendment — by this Power of a single lens (the 1st 
lens) L1 which has the negative refractive power of the 1st lens group GR1 can be strengthened 
now, and a latus field angle can be obtained more now. 

[0026] Furthermore, as for a zoom lens 1 or 3, it is desirable to constitute so that the following 
conditional expression 3 may be satisfied. 
4.5<fGR1/fw<12 (conditional expression 3) 

However, fGR.1 is the focal distance of the 1st lens group GR1, and fw is a focal distance in the 
wide angle edge of the lens whole system. 

[0027] Conditional expression 3 specifies the ratio of the focal distance of the 1st lens group 
GR1 which has positive refractive power, and the focal distance of the lens whole system. 
Namely, if the value of fGR1/fw becomes 4.5 or less, the positive power of the 1st lens group 
GR1 will become strong too much. [ whether with this single lens L2, amendment of spherical 
aberration becomes whether to be impossible by 2nd lens L2 power which has the positive 
refractive power in the 1st lens group GR1 and which is a single lens becoming large, and ] Or 
the power of the 1 st lens which is a single lens which has negative refractive power will become 
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2 °° m ' enS ' ~ ine «" '* «■ or the pecuiiar m a«er o f 3 is 

«»{■ — — of Table 4 and 7 IS Zl) " """""^ " y «- 
[Table 1] 



11=35. 118 


dl=1.8 


ndLl»1.8500C 


1 vdLl=23 5 


82=16.675 


d2=5.5 






is*- 


d3=9.5 


ndP=l. 56883 


v dP=5& 0 




<J4=8.5 


ndP=l. 56888 


~" vUi v 


25= °° 


d5=0.5 






86=46.647 


d6=2.8 


ndL2=l. 76811 


v dL2=4fl 7 


87-38. 862 


d7=variable 






88-64828 


dg-1.1 


QdL3=l. 84000 




19=14. 768 


d9=l.l 






810=140. 620 


dl0=l.l 


ndU=l. 75859 




811=8.989 


dll=2.0 


DdL5=l. 84666 




812*88.286 


dl 2= variable 








dl3»1.5 






814=9. 334CASF) 


dl4=2.0 


ndl6=l. 80610 


*dL6=40.7 


815=12. 687 


dl5=variable 






816=7.522 


dl6=3.0 


ndL7=L 75955 


vdL7=50.8 


817=-40. 255 


dl7=1.5 


ndL8=l. 84666 


*dL8=23.8 


818=8.007 


dl8=a9 


■ 

ndL9=l. 69850 


v dL0=53.3 


818=24. 197CASP) . 


«9=rariable 






220=°° , 


120=1.5 , 


sdlP=l. 55232 


vdLP=68.4 


821-°° c 


121-1.2 t 


>dIB=l. 51680 


»»dI8=64.2 


822=°° (j 


122=1.00 






828= 00 d 


28=0.75 a 


dCG=l. 55671 j 


'dCG=58.6 


B4*- d 


24=1.0 






B25=oo j 







numeric value of d7, d12 d15 and d19 in thl L ? "? adjustab,e (variable). Therefore, each 

(f= 5.3), a tele edge '(f= 15 6 a wide a gte eo^ ^ 5f7 ^ ^ 3 Wide 3ng ' e edge 
are shown in Table 2 g ' and 3 tele edge and FNo - and f and omega 

[0032] 
[Table 2] 
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f 


5.3 


9.0 


15.5 


FNa 


2.4 


2.6 


3.1 


CO 


37.0° 


24.0° 


14.5' 


47 


0.8 


8.36 


13.76 


612 


15.01 


7.45 


2.05 


dlS 


7.02 


4.98 


2.0 


dl9 


4.82 


8.88 


9.84 



[0033] Moreover, the body side of the 6th lens L6 of the 3rd lens group GR3 reaches field S14, 
and the field S19 by the side of the image surface of the 9th lens L9 of the 4th lens group GR4 
is constituted by the aspheric surface. The 4th aspheric surface coefficient C [ 6th / 8th / 
10th ] 4 of the above-mentioned fields S14 and S19, and C6, C8 and C10 are shown in following 
Table 3. 



!0034] 
Table 3] 




K 


C4 


C6 


C8 


- CIO 


S140U4) 


0 


-0.9142B-04 


0.3775B-05 


-0.4S08S-08 


0. 15908-07 


SUKU9) 


0 


0. 12178-02 


0.24588-04 


OL 12368-05 


0.12358-07 



[0035] In addition, "E" in the above-mentioned table 3 shall mean index expression which uses 
10 as a bottom. (Also setting to Table 7 and 1 1 mentioned later the same.) . 
[0036] Drawing showing the spherical aberration in the middle focal position and tele edge of a 
wide angle edge, a wide angle edge, and a tele edge, the astigmatism, and distortion aberration of 
a zoom lens 1 is shown in drawing 2 or drawing 4 , respectively. In addition, in a spherical- 
aberration view, a solid line shows [ in / an astigmatic view / e line (wavelength of 546.1 nm) and 
a dotted line (dashed line with a shorter pitch) show a value / in / g line (wavelength of 
435.8nm) / alternate long and short dash line / C line (wavelength of 656. 3nm), and / d line and a 
dashed line, and / in a two-dot chain line ], and ] a value / in / a meridional image surface ]. / an 
F line (wavelength of 486.1 nm) 

[0037] In the above-mentioned zoom lens 1, **** of the image surface by the eccentricity within 

the 4th lens group GR4 is made small, and it is made to make manufacture easy by constituting 

the 4th lens group GR4 by the cemented lens of three lenses L7, L8, and L9. 

[0038] Each numeric value of a zoom lens 2 is shown in Table 4. 

[0039] 

[Table 4] 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgLejje 



2003/11/26 



6/10 ^ 



81=43.203 


dl-2.0 


ndLl=l. 84666 


fdLl=23.8 


52=16.054 


d2=4.0 






83=~ 


d3=9i5 


odF=I. 55833 


vdP=56.0 




d4»8>5 


ndP-L 56883 


vdP=56.0 


BS=OQ 


d5=0-5 






B6*4fc072 


d6=2.3 


ndL2=L 83500 


vdL2=4S.O 


K7=-40. 072 


d7=TOrlable 






28*130. 120 


d8=Ll 


ndL3=L 83500 


j>dL8=4&0 


£9=11.900 


d9=L29 








dl0*1.0 


ndL4=l. 75359 


v dL4=516 


Hll=7. 755 


dll=2.2 


ndL5=l. 84666 


fdL5=23.8 


312=31. 164 


dl2=variable 






113= oo 


dl3=l. 5 






814=9. 845 OS») 


dl4*1.5 -— 


nd!6=L 69350 


vdL6=5a3 


815=13.742 


dl5-variafale 






815=9.080 


dl6=2. 5 - 


ndL7=I. 69350 


*dL7=53-3 


817-9. 050 


dl7=L 0 


ndL8-L 34666 


*dL8*23.8 


813*~104131 


d!8=4 75 






819=35. 698(A3P> 


dl9=L0 


odL9=h 49200 


v dL0*37. 2 


820-34 107OSP) 


d20=variable 






121* oo 


d21=L 5 


ndLP=l. 55232 


vdLP=63.4 




322=1.2 i 


MW8-1. 51680 


vdIK=642 


mm 


i23=L0 






B24«- , 


124-0.75 i 


hHXM. 55671 


*>dOG=58.6 


B25*~ c 


125=1.0 






826= « 


i 





[0040] As shown in the above-mentioned table 4, in connection with zooming of a zoom lens 2 
and focusing operation spacings d7, d12. d15, and d20 are adjustable (variable). Therefore each 
numeric value of d7 d12 d15. and d20 in the middle focal position (f= 9.0) of a wide angle edge 

Tre shown fn Taofe 5 3 ^ ^ ^ 3 to,e edge ™* FN ° ' and f and ome ^ a 

[0041] 

[Table 5] 



f 


5.3 


9.0 


15.5 




2.8 


ai 


as 




37.0" 


240° 


14.5' 


d7 


0.8 


7.17 


11.4 


dl2 


12.65 


a 28 


2.05 


dlS 


8.09 


a 09 


2.0 


d20 


a 67 


a 57 


10.66 



[0042] Moreover, the body side of the 6th lens L6 of the 3rd lens group GR3 reaches field S14 

fieH S20 1 ; ; th 9 ^ ° f "° dy ° f the 9th ' enS L9 ° f the 4th ,ens *™> and the 

tielc I S20 by the side of the image surface are constituted by the aspheric surface. The 4th 

asphenc surface coefficient C [ 6th / 8th / 10th ] 4 of the above-mentioned fields S14. S19. and 
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r , S20, and C6, C8 and C10 are shown in following Table 6. 
- [0043] 



[Table 6] 





K 


C4 


C6 


C8 


CIO 


$140114) 


0 


-0. 1224S-03 


0.9870B-OS 


-0. 1144K-05 


0.4671E-07 


S19CR19) 


0 


-0. M97B-03 


0.3720E-04 


-0. 6771B-05 


0. 3284E-06 


S20(S20) 


0 


-0.5412E-04 


0.7292E-04 


-0.8809E-05 


0.4530E-06 



[0044] Drawing showing the spherical aberration in the middle focal position and tele edge of a 
wide angle edge, a wide angle edge, and a tele edge, the. astigmatism, and distortion aberration of 
a zoom lens 2 is shown in drawing 6 or drawing 8 , respectively. In addition, in a spherical- 
aberration view, a solid line shows [ in / an astigmatic view / e line and a dotted line show a 
value / in / g line / alternate long and short dash line / C line and / d line and a dashed line, 
and / in a two-dot chain line ], and ] a value / in / a meridional image surface / a solid line and / 
in a dashed line ]. / an F line / the sagittal image surface 

[0045]- Moreover, in a zoom lens 2, the aspheric lens made from plastics is used for the 9th lens 
L9 of the Athlens grQU_pJji.R4,.,andJ:he zcLom lens. which caa be cheaply manufactured with a 
miniaturization and highly efficientHzation is constituted. 
.0046] Each numeric value of a zoom lens 3 is shown in Table 7 
0047] 
[Table 7] 



11=35.641 


dl=L8 


odLl=l. 85000 


vdLl=2&5 


12-18. 218CASP) 


d2-5.5 








-3=9. 5 


ndP=l. 56883 


vdP=56.0 


14= ~ 


d4«8.5 


ndP-1. 56883 


*dP=56.0 




d5=0.5 






16=32.208 


d6=2. 8 


DdL2=l. 76658 


*dL2=49.9 


87-56.283 


d7=variable 






K8=-53.723 


d8=l.l 


ndL3=L 84000 


vdL3=43.0 


19-17.458 


d9=L 1 






110= ~ 


dl0»l. 0 


QdU»l. 840O0 


vdU-43.0 


111=7.863 


dll=2. 0 


ndL5=l. 83916 


vdL5=23.8 


112*48.420 


dl2=variable 






113= « 


dl3=1.5 






114=16. 484CASP) 


dl4=2. 0 


ndL8*l. 80610 


» dL6=40. 7 


115*15.006 


dl5=vaxiable 






116=7.899 


dl6=3.0 


ndL7=L 79554 


*dL7=46.8 


117-83.011 


dl7=1.5 


ndJL8=L 80688 


*dL8=25.6 


118*6.097 


dl8=3.3 


udL9=l. 89350 


v dL9=53. 8 


119=22. 036 (AS*) 


dl 9= variable 






120=- 


d20=1.5 


DdLP=l. 55232 


vdLP=63.4 


R21=«> 


d21=L2 


□dll-l. 51680 


vdIR=64 2 


B22*°° 


d22=1.0 








-23-0.75 


ndCG=l. 55671 


vdO?=5*.6 


W4*oo 


d24=1.0 















[0048] As shown in the above-mentioned table 7, in connection with zooming of a zoom lens 3, 
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and focusing operation, spacings d7, d12, d15, and d19 are adjustable (variable). Therefore, each 
numeric value of d7, d12, d15, and d19 in the middle focal position (f= 9.0) of a wide angle edge 
(f= 5.3), a tele edge (f= 1 5.5) and a wide angle edge, and a tele edge and FNo., and f and omega 
are shown in Table 8. 
[0049] 



[Table 8] 



f 


5.3 


9.0 


15.5 


FNo. 


2.4 


2.6 


3.1 


a 


37.0° 


24.0" 


14. 5° 


67 


0.8 


8.08 


13.2 


412 


14.41 


7.12 


2.0 


dl5 


7.26 


5.11 


2.0 


dl9 


5.19 


7.34 


10.45 



[0050] Moreover, the field [ by the side of the image surface of the 1 st lens L1 of the 1 st lens 
group ] S2 and body side of the 6th lens L6 of the 3rd lens group GR3 reaches field S14, and the 
field S1 9 by the side of the image surface of the 9th lens L9 of the 4th lens group GR4 is 
constituted by the aspheric surface. The 4th aspheric surface coefficient C [ 6th / 8th / 10th ] 
4 of the above-mentioned fields S2, S14, and S19, and C6, C8 and C10 are shown in following 
Table 3. 



[0051] 
[Table 9] 





K 


C4 


C6 


C8 


C10 


52(12) 


0 


-0.4475E-05 


0. 20831-07 


-0. 6283B-10 


-0. 7920E-12 


S14CR14) 


0 


-0.6561B-04 


0.1709E-05 


-0. 1885E-06 


0.6981E-08 


S190519) 


0 


0.1058E-02 


0.2442E-04 


0.4797E-06 


0.3475E-07 



[0052] constituting the field S2 by the side of the image surface of the 1st lens L1 in the 1st 
lens group GR1 by the aspheric surface in a zoom lens 3, as described above — the spherical 
aberration in a curvature of field and a long focal distance region — an amendment — it is made 
like 

[0053] Drawing showing the spherical aberration in the middle focal position and tele edge of a 
wide angle edge, a wide angle edge, and a tele edge, the astigmatism, and distortion aberration of 
a zoom lens 3 is shown in drawing 1 0 or drawing 1 2 , respectively. In addition, in a spherical- 
aberration view, a solid line shows [ in / an astigmatic view / e line and a dotted line show a 
value / in / g line / alternate long and short dash line / C line and / d line and a dashed line, 
and / in a two-dot chain line ], and ] a value / in / a meridional image surface / a solid line and / 
in a dashed line ]. / an F line / the sagittal image surface 

[0054] In the above-mentioned zoom lens 3, like the zoom lens 1 in the 1st example, **** of the 
image surface by the eccentricity within the 4th lens group GR4 is made small, and it is made to 
make manufacture easy by constituting the 4th lens group GR4 by the cemented lens of three 
lenses L7, L8, and L9. 

[0055] Each numeric value for searching for the zoom lens 1, the conditional expression 1 of 3, 
or each conditions of 3 which were shown in the above 1st or the 3rd example, and the value of 
each conditional expression are shown in following Table 10. 
[0056] 
[Table 10] 
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ndLl 


vdLl 


IGRl 


fw 


ICRl/fw 


1 


1.85000 


23.5 


38.29 


5.3 


7.22 


2 


1.84666 


23.8 


32.99 


5.3 


8.22 


3 ! 


1.85000 


2a 5 


86.94 


5.3 


6.97 



[0057] As conditional expression 1 or the conditions of 3 are satisfied and it is shown in each 
aberration view, in the middle focal position and tele edge of a wide angle edge, a wide angle 
edge, and a tele edge, various aberration is also amended with sufficient balance by a zoom lens 
1 or 3, so that clearly from the above-mentioned table 10. 

[0058] Thus, the field angle in a wide angle edge is suitable for a zoom lens 1 or 3 as 74 degrees 
and an object for digital still cameras which used the image pck-up element with many pixels 
especially since various aberration was also fully amended good including the wide angle field. 
[0059] In addition, it passes over no concrete configurations and structures of each part which 
were shown in the form of the aforementioned implementation to what showed a mere example 
of the embodiment which hits carrying out this invention, and the technical range of this 
invention is not interpreted by these in limitation. 
[0060] 

[Effect of the Invention] So that clearly from the place indicated above this invention zoom lens 
The 1st lens group which has positive refractive power from a body side in order to an image 
surface side, and the 2nd lens group which has negative refractive power, In the zoom lens which 
was made to perform zooming by consisting of the 3rd lens group which has positive refractive 
power, and the 4th lens group which has positive refractive power, and moving the above- 
mentioned 2nd lens group and the 4th lens group Since the 1st lens of the single lens which has 
negative refractive power for the 1st lens group in order from a body side, the prism which bends 
an optical path, and the 2nd lens of the single lens which has positive refractive power 
constituted the optimal variable power ratio for small image pck-up devices, such as a video 
camera and a digital still camera, — an about 3-time zoom lens can be miniaturized 
[0061] the distortion aberration and chromatic aberration which are generated by the 1st lens 
group since it was made to satisfy each conditions of ndL 1> 1.75 and nudL 1< 30 if it was in the 
zoom lens indicated to the claim 2 when ndL1 was made into the refractive index in d line of the 
1st lens and nudL1 was made into the Abbe number in d line of the 1st lens — good — an 
amendment — things are made 

[0062] the spherical aberration in a curvature of field and a long focal distance region if it was in 
the zoom lens indicated to the claim 3, since the aspheric surface constituted the field of at 
least 1 of the 1st lens — good — an amendment — things are made 

[0063] if it was in invention indicated to the claim 4 or the claim 6, since the field it turned 
[ field ] to the body side of the 1st lens was made into the convex — the lens whole system — 
an amendment — there is no bird clapper greatly [ the negative distortion aberration from which 
things become difficult ] 

[0064] If it is in invention indicated to the claim 7 or the claim 12 Since the aspheric surface 
constituted the at least 1 st of each sides of the lens which constitutes the 4th lens group the 
negative distortion aberration in the wide angle edge generated from the 1st lens group 2 — 
effective — an amendment — since things come be made, it becomes possible to strengthen 
power of the negative single lens of the 1st lens group, and a latus field angle can be obtained 
more 

[0065] Since it was made to satisfy the conditions of 4.5<fGR1/fw<12 if it was in invention 
indicated to the claim 13 or the claim 24 when fGR1 was made into the focal distance of the 1st 
lens group and fw was made into the focal distance in the wide edge of the lens whole system, 
amendment of spherical aberration, the formation of sufficient extensive field angle, and a 
miniaturization can be attained. 
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'„ * NOTICES * 

Japan Pat nt Offic is not responsibl for any 
damages caused by th use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] With drawing 2 or drawing 4 , the gestalt of operation of the 1 st of this invention 
zoom lens is shown, and this view is a schematic diagram showing lens composition. 
[Drawing 2] It is drawing showing the spherical aberration in a wide angle edge, astigmatism, and 
distortion aberration. 

[Drawing 3] It is drawing showing the spherical aberration in the middle focal position of a wide 
angle edge and a tele edge, astigmatism, and distortion aberration. 

[Drawing 4] It is drawing showing the spherical aberration in a tele edge, astigmatism, and 
distortion aberration. 

[Drawing 5] With drawing 6 or drawing 8 , the gestalt of operation of the 2nd of this invention 
zoom lens is shown, and this view is a schematic diagram showing lens composition. 
[Drawing 6] It is drawing showing the spherical aberration in a wide angle edge, astigmatism, and 
distortion aberration. 

[Drawing 7] It is drawing showing the spherical aberration in the middle focal position of a wide 
angle edge and a tele edge, astigmatism, and distortion aberration. 

[Drawing 8] It is drawing showing the spherical aberration in a tele edge, astigmatism, and 
distortion aberration. 

[Drawing 9] With drawing 10 or drawing 12 , the gestalt of operation of the 3rd of this invention 
zoom lens is shown, and this view is a schematic diagram showing lens composition. 
[Drawing 1 0] It is drawing showing the spherical aberration in a wide angle edge, astigmatism, and 
distortion aberration. 

[Drawing 1 1] It is drawing showing the spherical aberration in the middle focal position of a wide 
angle edge and a tele edge, astigmatism, and distortion aberration. 

[Drawing 1 2] It is drawing showing the spherical aberration in a tele edge, astigmatism, and 
distortion aberration. 
[Description of Notations] 

1 [ — A zoom lens, GR1 / — The 1st lens group, GR2 / — The 2nd lens group, GR3 / — The 
3rd lens group, GR4 / The 4th lens group, L1 / — The 1st lens, L2 / — The 2nd lens, P / — 
Prism, IMG / — Image surface ] — A zoom lens, 2 — A zoom lens, 3 



[Translation done.] 
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2 l/VX«GR 2 ttft#W^ttifll^ «4l/yX8 
GR 4 ttikffi«Srfil«Fi-5 i 5 fc*«rt-5 *>©t?*>5. 

[0 0 18] ft, X— Ai/yXlM3©7t- 
Stt, *4l/yX»GR4lr|«*«rl:tJ;oT* 
£*t3 0 - — " 

[0 0 1 9] mi 1/^XiGR 1E\ «W*flW>&JB^ 

$fA^tt5*i/yXol2uyXL 2iaoTML 

[0 0 2 0] X-AuyXlM3lt HTO*#Sl 
XU f *fl=a2S:j(tJ&-rs*\ ifctt. SIl-i/yXLl 
(D^cDotb^ ^ft< ir looffij&s#3*ffifcJ:oT« 

n d L 1 > 1 . 75 1 ) 

v d L 1< 3 0 (*fl=SC 2 ) 

ffiU n d L 1 tt*l 1/yXL l^dj»-C©JHSf*"e* 

9. v d L 1 li» 1 l/VXL 1 © d»*t?©r y 

5 0 

[0 0 2 1] *fr5*;itt, jE©JH*f*«r*-r«*l ^ 
X»GR 1 Sr*^-f-5A<DJH*f^S:W-t"5#u^XTS> 

T«5££*t«*5Hfl*i:fcS £*t5fgl uyX 

SfGR 1 OjfflWAfcStUTSttiRIIO^S^^ < ft 
oTL£v\ r*t£r®4 ^yXSGR 4<0#^®tcj:o 
TtEtS ^ t # 4 < 4oT Li 5 o 

[0022] *«=a:2 jEommx&frrztisi ^> 

X1GR 1 Sr*j«i-5*<OJB*fAS:*-r5¥u^XT* 
511 i/yXl:i5L lKJ:56JRSS^«^*SrS«i- 
5fc«x£>fc<£>TS>5 0 IP%. vdLlot#*frS2i: 

II uyXSGR 1 rt^<06JRil0>*£*J&s*# < * 

5 0 

[0 0 2 3] X-Al/yXlM3(DiluyX 

L 1 <^#fflij<7>ffis lte, «i:fS]}trflT^5: t 

^ffiLV\ JblBffiS l^fffllfclRj^TIfflT 

[0 0 2 4] X- A 1/ y X 1 3 4 1/ y XfG R 
4§«^t5uyX©#B<^5t), *4<it>lo©B 



(5) 



mm 2000-1316 



[0 0 2 5] ioipfc, *4UyX*GR4rt©uy 

9, :iii:i:oT, JR l uyXSGR l <Dik<DmVfJj& 

T*#« J: 5fcft5 0 
[0 0 2 6] 5!f-, X-Al/yXlM3H &CF<O0k 

4. 5< f GR1 /f w< 1 2 (*ft=5£3) 

fiU f cRitt* 1 UVX»GR 1 O«/Seii"C*>-0 , 

[0 0 2 7] *#S;3tt, jE&miifjj&^irzmi 

X»GR 1 <7m&£E8l£ ^^X^^AE«i:OJt* 
SrSSt5t^*>5o fiPt>, f GRi/f w(Z>ffi^4. 
5HTt65i, ft 1 U-vXpGR 1 (DIEtfv^ — asgft 



t5*uyXT*5*2 I/>XL 2^17—*$** < fto 

BIKftotli}, ifc. faB/fw©t#12K 
±^*Sir, ^1 UVXi^GR 1 <EOE<7V<!7 — ^§f< ft 
tJifl^T, X- A U 1 7il 3 O^kft < 4 o T t 

[0 0 2 8] *175afB3 0StailS«fc«to5X- 

[0029] * i tcx— u >x i co##:M^^i- 0 

ft. R i ^^fgco^fc (ASP) «rttKL&ffite#«B5 

t>ra«. ) o 

[0 0 3 0] 

[«1] 



11=35. 116 


dl=1.8 


ndLl=l. 85000 


vdLl=23.5 


12=16. 675 


d2=5.5 






83= do 


d3=8.5 


ndP=l. 56883 


vdP=56.0 


14= « 


d4=8.5 


ndP=l. 56883 


vdP=56.0 


85=°° 


d5=0.5 






86=46.647 


d6=2.8 


ndL2=l. 76811 


v dL2=48.7 


B7=-38. 862 


d7=variable 






18-64.828 


d8=l.l 


odL3=l. 84000 


»dL3=43.0 


19=14.768 


d9=l.l 






810=140. 626 


dlO=l. 1 


QdL4=l. 75359 


vdL4=51.6 


211=8. 988 


dll=2.0 


DdL5=l. 84666 


pdL5=23.8 


812=83.286 


dl2=variable 






118- oo 


dl8=1.5 






814=8- 334CASP) 


dl4=2.0 


ndL6=l. 80610 


v dL6=40.7 


815=12. 687 


dl5= variable 






816=7.522 


dl5=3.0 


ndL7=L 75955 


v dL7=50. 8 


817=-40.255 


dl7=1.5 


adL8=l. 84666 


vdL8=23.8 


818=8.607 


di8=as 


ndL9=L 69350 


vdL0=53.3 


819=24. 1S7CASP) 


dl9=variable 






826= °° 


d20=1.5 


ndLP=l. 55232 


v dLP=63- 4 


821= ~ 


d21=L2 


ndIR= 1.51680 


v dI8=64. 2 


822=«» 


d22=1.00 






828= 00 


d28=0. 75 


ndC6=l. 55871 


vdCG=58.6 


824=- 


d24=1.6 






825= 00 







[0 0 3 1 ] ±12* 1 te*-f- J: 5 X— A u yX 1 <£> 



(6) 



#§S 2 0 0 0- 1 3 1 6 1 0 



7, d 1 2, d 1 5Rtfd 1 9te«T^ (v a r i a b 1 
e) ftoT, m2{Z!X^M (f =5. 3) , g 

ass (f = i5. 6) Ac/jcAw^aami^ofiRi^ 

ffiS (f = 9. 0) lc*=(t5 d 7, d 1 2, d 1 5St>' 

d 1 9 3fet>*(r % F N o . , f XOt <» Sr^lh, 

[0 0 3 2] 

R2] 



f 


5.3 


9.0 


15.5 


FNo. 


2.4 


2.8 


8.1 


CO 


37.0° 


240° 


14.5" 


d7 


as 


8.36 


13.76 


dI2 


15.01 


7.45 


2 05 


dlS 


7.02 


4.96 


2.0 


dl9 


482 


6.88 


9.84 



[0 0 3 3] Sfc, M3 l/^X#GR 3©*6 U>XL 

^ v ^o ^Tc0^3(^±fS®S 1 4R&S 1 9<Z>4&, 
6#c, 8 2feRUfl 0ftO**BSflSfcC4, C6, C8& 
C>*C 1 0£r^i~ o 

[0 0 3 4] 

[S3] 







C4 


C8 


C8 


CIO 


S14CS14) 


0 


-0.9142B-04 


0. S775E-05 


-0.48086-06 


0. 15908-07 


Stt<M9> 


0 


a 12178-02 


0.2458B-04 


0.1236E-05 


0.12358-07 



[0035] ±mm3tp<D tej i o&mt-t 

[0 0 3 6] ig2 75M04rCX-Au><Xl (OJE^Sg, 
XC A * 4: S^ffi * BB^ffi«at«iJt«Ki*5 ft 5 « 

6. Inm) , (tV^O^V^O?&|§0 ncffi. 

(&S6 5 6. 3 nm) . -^«j»ttdj», «6»ttFj» 

«I4 8 6. Inm) , — jft«»r± g« (SI4 3 

5. 8nm) ^it^teSr^-f-fe (D^fe 5 „ ^^iRHia 



[0 0 3 7] _blBX-AU>-Xl te^Tfcfc, |4uy 
X»GR4Sr3tfc©»XL 7, L8ML9(Dg^l/ 

[0 0 3 8] *4fcX— AuyX2<Z)#Sf^t 0 

[0 0 3 9] 

[*4] 



(7) 



ftffl 2000-131610 



£1=43.203 


dl=2 0 


ndLlsf ftlfifiR 


tj HI 1 -9Q Q 


B2=16. 054 


d2=4.0 






83* OD 


d3=9.5 




v ar =00. o 


£4=3 00 




mfP=1 £ftflft4 
onr=i. oOOoO 


y or- ao, 0 




d5=0. S 






R6*40* 072 


d6=2. 3 


ntfl 9=1 flftRnfl 


u Hf 0-ilO ft 


*»• W» VIA 


riTasra r ■! aKI a 






lga-130. 120 


d8=1 1 


full 4-1 AQRAA 




89= 1L 809 


(19=1 90 






810= 00 






V OL4-01. 0 


811=7. 7S5 


iill=9 9 


uaLO-l. 84000 




812=31 164 

iun wit x^Pa 


Ulfr vol laD-LB 






813= oo 










HI 1=1 5 

HI*— 1. 0 


acUrO-i* otfoou 




815^18. 742 

Rlw Ilk IIA 


uiu-Yoriauic 






■llr Oa VOU 


Hlfi-9 R 


twff 7x1 ROQRA 
ZKLLf 3 !* OoOOv 


• i AT "T_ CO a 


I17*-fli CEO 


ri17=1 A 


DOJWJ-i. O409v 


•j j4f Q-oo a 
p au>- 23. 8 


ns»~io4» lai 








819=35. RftfitASP) 




DQLo 3 X» f oZUU 


v aLv=57. 2 


82{h24 107CASP) 


VOX Aa <7 






821«« 


d21=l. 5 


ndLP=I. 55232 


vdLP=63 4 


822= » 


d22=1.2 


ndIB=l. 51880 


> dI8=G4. 2 


828=°° 


d23=L0 






M4«- 


d24=0. 75 


ndCG=l. 55671 


vdOG=58.6 


825«*> 


d25=1.0 






R2S=~ 









[0 0 4 0] ±m^4\Z^X 5*-. 0 

7 , d 1 2 , d 1 5 d 2 0 «t pj^ ( v a r i a b 1 
e) tot, *5(CJ2:AM (f =5. 3) , M 

is«(f = i5. 5) Rxfixn^tmm^tco^mm^ 

fit (f = 9. 0) {CioJt5d 7, d 1 2, d 1 5Xtf 
d 2 0 FNo. , fStffl>S:/Tto 

[0 0 4 1] 

»5] 



[0 0 4 2] ^fc, 13 1/yXpGR 3<7)I6 U^XL 
6(D^M<r>mS 1 4MI4 l/yX»GR4©*9 U 
VXL 9 ©»#WOffiS 1 9Xtf#ffi«0>ffiS 2 0 tt* 

4, S19MS2 0c04fc 6^:, 8 Ik&Zf 1 0 JSfc<^ 
C6, C8MC10^f o 

[0 0 4 3] 
[*6] 



f 


S.3 


9.0 


15.5 


FJfa 


2.8 


8.1 


9.8 


a> 


87.0° 


240° 


145" 


d7 


0.8 


7.17 


11.4 


412 


12.65 


6.28 


2.05 


dlS 


8.99 


6.09 


2.0 


d20 


167 


6.57 


19.68 



(8) 



#gB2 0 0 0- 1 3 1 6 .1 0 





K 


C4 


C8 


C8 


CM 




0 


-0.12241-03 


0.9870E-05 


-0. 1144E-05 


0.4671E-07 


S19CR19) 


0 


-0. 94978-08 


0.S720B04 


-0.6771E-05 


a 3284E-06 


S2OCK0) 


0 


-O.S412E-04 


0.7292E-04 


-0.8809E-05 


0.4530E-06 



[0 0 4 4] |3 6 8 fcX— J»\s^X 2<D&ftffi. 



[0 0 4 5] ifc, X— AU^X2lw*3V^tt, 

[0 0 4 6] * 7 tcX— A 1/ 3 <£>#»fiiS:*H\ 

[0 0 4 7] 

[*7] 



81=35. 641 


dl=t. 8 


ndLl=l. oaUUU 


\j M 1 -9*1 E) 


R2-16. 216(ASP) 


d2=5» 5 








43=9.5 


Odr=l« OOooo 




84= <- 


d4=&5 


Wr m l' 30000 




85= 00 


d5=0.5 








d6=2.8 


ndL2=l. 76656 


*dL2=49.9 


87-56,283 


<J7=variable 






R8=-58- 723 


d8=l.l 


ndL3=L84O00 


vdL3=43.0 


89-17.456 


d9=l.l 






810= ~ 


dlO-L 0 


DdU=l. 84000 


*du=4&o 


811=7.863 


dll=2.0 


ndL5=l. 83916 


v dL5=23. 8 


812=48.420 


dl2=variable 






813=- 


dl3=1.5 






RU=10,4S4(ASP) 


dl4=2.0 


ndL8=l. 80610 


vdL6=40.7 


815=15.006 


dl5=variable 






116=7.899 


dl6=3. 0 


ndI7=i. 79554 


>dL7=46.8 


817=-83- on 


dl7=L5 


ndL8=l. 80688 


vdL8=25.6 


118=6.097 


d!8=3.3 


ndL9=L 69850 


v dL9=53. 3 


119=22. 086 (ASP) 


dl 9= variable 






820= 00 


(220=1.5 


odLP=l, 55282 


vdLP=63.4 


821=~ 


d21=1.2 


odI8=L 51680 


vdIR=642 


822* 00 


622=1.0 






823= <*> 


423=0.75 


ndOG=l. 55671 


vdOG=58. 6 


824*" 0 


d24=L0 






825*~ 









[0 0 4 8] ±12*7 d^-fi 5 X— AUVX'3ro 

x- 5 > of 7 * - * v #tm i c«s o -c ffi m pi d 

7 , dl2, d 1 5 RZf d 1 9 tt «TS ( v a r i a b 1 
e) t-*5„ lot, *8fcj£*liS (f =5. 3) , S 
£48 (£=15. 5) SUt^ffitiSStOl'Pai^ 
-fig (f = 9. 0) fc*5tt5 d 7, d 1 2, d 1 5Xtf 
dl9©#Sffi< afeU^i-, FNo. , f ^.tfo^l". 
[0 0 4 9] 



[*8] 



(9) 



2000-1316 



f 


5.3 


9.0 


15.5 


FNa 


2-4 


2.6 


8.1 


a 


87.0° 


24. 0" 


14. 5° 


d7 


0.8 


8.08 


13.2 


dl2 


14 41 


7.12 


2.0 


dl5 


7.26 


5.11 


2-0 


dl9 


5.19 


7.84 


10.45 



[0050] *fc, mi io>xm<Dmi u>xl i mm. 

®1&|J<£>ES2, l3WyXSGR3 0f 6uyXL6(D 
tfaWMcomS 1 4Wl4l/yX^GR4(^l9 U^X 

5 0 «T0^3(C±f5®S 2, S 1 4StfS 1 9 <D 4 

6#C, 8«tflO^«SMC4, C6, C 
8MC 1 0£^f o 

[0 0 5 1] 

[3t9] 





. K 


C4 


C8 


C8 


CIO 


S202) 


0 


0. 4475S-05 


O.2O88E-07 


0. 6283E-10 


-0.7920E-12 


S14(I14) 


0 


0. 6561E 04 


0.1709E-05 


-0. 1885E-08 


0.6981E-08 


S19CM9) 


0 


0. 1058E-02 


0.2442E04 


0.4797E-06 


0.3475E-07 



[0 0 5 2] X-Al/yXsm^^, ±mi^fc£? 

^ l i/ yxiG R l l i/ yX l l ©§®ffl(Z) 
® S 2 Sr^Ii: i o tMt 5 r i ia o r , mmm 

[0 0 5 3] m 1 0 T^MHI 1 2 JCX — A \y yX 3 (OJEEA 

soffit M^s^^^ra^^axt^a^^w 

iMU dHL SOftJiFj*. — jftttJftttgjNUitt 



[0 0 5 4] ±ibx— ^u>x3*c*5v^tt, mimm 

[0 0 5 5] J^T<£>^ 1 0 fciilB^ 1 3 <£>HJ£#"J 

^tpcL/cX— A u >-X 1 7!;M 3 G>*ft=S; 1 75 M 3 GD#^ 

[0 0 5 6] 
[*10] 





ndLl 


vdLl 


fGRl 


fw 


fGRl /fir 


l 


1.85000 


23.5 


38.29 


5.3 


7.22 


2 


1.84666 


2a 8 


32.99 


5.3 


6.22 


3 


1.85000 


23.5 


36.94 


5.9 


6.97 



[0 0 5 7] X-AU-yXlM3li, _LiE*10-&»£> 
[0 0 5 8] roi?C, X-i>uyx'lM3lt j£ 

[0 0 5 9] «, BWEI5EJfi(0^ffifc*5VNr*uyt#«B© 

ft h \z ± o r oSfl5#j«SIS /55j3S^e*7 teAW? $ ft 5 
[0 0 6 0] 



i2H'X»i»4i/yX*iW»**5rtfci9 

[0 0 6 1] l»*3K2{ifE«L-fcX— Al/^llict 
tt, n d L 1 Srfgl U>X(DdmX'<DmHfm. vdLl 
£® 1 l/yX©d %kX*<DT v *<&Lk. -T5 t> ndLl> 



(10) 



mm 2000-131610 



1. 75, vdLK30O^tt?:i£t5J:?CL 

[0 0 6 2] 11*83 fcEtl/fcX-A uyXOot 
f4, HI i^Xtf}'>&< t i> 1 coE^^^ffii'i-^"^^ 

[0 0 6 31 BWBJC475Sil*33l6KIS«Ufc»Wfc* 
oTfct, Hi U^XtD^^-M^^^tcm^&MtVtKO 

[0 0 6 4] «**7 75S»*9Cl-2KE«Ufc»WH: 

fr>, HlE^Wffil-i^^^®^ * 

1 i/y^pr J: 9«4t5J£ft«W8lr5Ao5*<a 

u v XS <D$. <D ^ v X <£> ' * 17 — & 36 < "t" 5 - ^ * s ^ * 

3. 

[0 0 6 5] W*«l 3 7!;S»*«2 4fc1B*Ufc3&9! 



UVX^*Ol7>f KffiT-©^8gSlti-5t, 4. 5< 
f CB /fw<l2 ©*frSrj»fii-5 t5K UfccOT% 

[0ffi<£>f}i£ft^9i] 

[Hi] m27bmm4 tm^. *»ix-^vyx©s 

l©*S«I*/TnroT*0. ^fiwvXIRj&tr 
[02] iKA*»=*W' i 6*ffi J R*E' #j£««SfctfS*'K 



S&75H-0T-&5, 
[03] Z&aflS t t otlWMffiftfttt 5 ^® 

[14] ffitSBfc:*5r*53jlffiJKil, *j««a6RtfffiftiR 

[|2|5] 0675S08 *ffX-AI/yXOl 
2co*JI©^Sr*i"*>we& l 9^ ;£0tet/vX#|j&£ 

[07] « fc Mas fc © * m «£&si- *s tt 5 swa 
[0 8] aattifc*s»-«*iBRa. #^4x^^MftiR 

[0 9] ilOMI12t*C, «P|X-AuyX 

[010] j£^j!B{::*s»tS*ffiiR2S. *j»iRiSat/a# 
JRMSr*i"0"^fe5„ 

[0ii] iKAMIfcaawikro+W^ttllteJarts* 
ffiJRfg, #K^«RSS.O J 2i* J iXMSr^-r0T?fc ; 5o 

[012] MjsSS(-*3itS«ffi«M. *^lXMRt>*2i* 
iR*S:^i-0"Cfo5o 

[?*-§- coiftiK] 

1-X-Al/yX, 2 ■•■X — A k'/X, 
X, GR1-I11/VXS, GR2-*2V^#. G 
R 3 —H 3 uyXf, GR4-I4l/yXS, Ll-I 
1 wyX, L2-fg2U^X, P-XyXA, IMG- 



[0 2] 



,1.00 




t-4.00 




-010 -o'.OS CLO d.05 dl0(mm) -0.10 -<i05 ck o'.OS 0!l0(mm> -5.0 -2.5 00 2.5 5.0(%) 
SfcS»K* ?pibmJG5 irasXa 



(12) 



¥?m 2 0 0 0 - 1 3 1 6 1 cf 



[0 4] 




T 4.00 



• ^3.00 



f-2.00 



h 1.00 



-r 400 



-0.10 W^MS 0.10(mm, ^ ^ Jgfog* -5^i" 




2.5 5^%) 



[06] 




T 4.00 



■3.00 



--2.00 



1-00 



I ~l ' I I 1 

-0.20 -0.10 JXO 0.10 0.20(mm) -01 




T-4.00 



-3.00 



- • 2.00 



- ■ 1.00 



& 2 - 5 50(%) 



[H7] 



1*7 y 



xAOO 



- ois 



l/i 



ill 

li 



-r 4.00 



3.00 



2.00 



1.00 



«?«s 0 - 1 02tmm) -° s - 0 ' 1 o:2<ran > ^ s u sv. 




(13) 



!&m 2000-131610 



cms] 



t 

1 

1 1 


wJ 00 V 

X \ i 


7 4,00 

Y 

-3.00 


t 

I 


\ i \ ! 

1 V \ 


• 2.00 


jl 


n ? 

' : 
/ ; 

• _■ _ . i- ■ 


► 1.00 



0.2(mrn) 



-0.2 -0.1 0.0 0.1 



T 4.00 



0.2(mm) 




- 5 0 _2 - 5 AW 5 5 0(%) 



[EI 9] 




(14) 



4$M 2 0 0 0- 1 3 1 6 1 U 



[HI 0] 



1.00 




4 00 




T 4.00 



-0.10 -0.05 0.0 0.05 0.10(mm) -0.10 -0.05 0.0 0.05 0.10{mm) jf^ 




2.5 5.0(%) 



[011] 




-0.10 -0.05 0.0 0.05 0.10(mm) -0.10 




T 4.00 



0.0 0.05 0.10(mm) -5.0 -£5 




[012] 




T 4.00 



-5(00 



•j - 2.00 



■ 1.00 



x 4.00 




-0.10 -a(J5 0.0 0.05 ai0(mm) -0.10 -0.05 0.0 0.05 0.10(mm) .5.0 -25 0.0 Z5 5.0(%) 



(15) 



2000-131610 



F^ — 2H087 KA03 MA15 PA06 PA07 PA19 

PB09 QA02 QA06 QA17 QA21 
QA26 QA32 QA37 QA42 QA45 
RA05 RA12 RA32 RA41 RA43 
SA23 SA27 SA29 SA32 SA63 
SA65 SB03 SB14 SB22 SB34 
TA03 



(16) 



&m 2000-13161 



mpmfri i6»!i2E» 

imn 0] ¥fifcl 43F9J3 2 5 0 (2 0 0 2. 9. 2 5) 

#W2 000-131610 (P 2000-1 3 1610 A) 
[tefflBl sp/£l 2^5£ 1 2 0 (2 0 0 0. 5. 1 2) 
[¥at»] ^HJWfMfc* 12-1317 
[fcUM##] ti¥ 10-307337 
[HI^#^«^7liS] 
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